Abstract: This paper presents a review for the development of Intelligent Transportation System (ITS) world wide and the use of Smart Antennas in ITS. This review work also discusses the usual problems in ITS and proposes the solution of such problems using smart antennas.
I. INTRODUCTION
In United States, there were 6279000 motor vehicle accidents that accounted for 41611 deaths in 1991 [1] . More health care dollars are consumed treating crash victims than any other cause of illness or injury. The United States Department of Transportation has declared that the reduction of vehicular fatalities is its top priority [2] . This is true for all other countries as well. Also demand for voice, data and multimedia services while moving in car, these increase the importance of Broadband wireless systems [3] . So, Intelligent Transportation Systems (ITS) are part of the national strategy for improving the security, safety, efficiency and comfort of every nation. To be specific, remote sensing and vehicular communications are given highest priority for ITS.
Information system and communications technology are integrated to the transport infrastructure and vehicles to improve safety and reduce vehicle wear, transportation times, and fuel consumption etc. ITS have been the umbrella under which significant efforts have been conducted in research, development, testing, deployment and integration of advanced technologies to improve the measures of effectiveness of national highway network. It vary in technologies applied, from basic management systems such as car navigation, traffic signal control systems, container management systems, variable message signs, automatic number plate recognition or speed cameras to monitoring applications, such as security CCTV systems and to more advanced applications that integrate live data and feedback from a number of other sources, such as parking guidance and information systems, weather information, bridge deicing systems etc.
Technologies Broadband wireless systems play an increasingly important role in Intelligent Transportation Systems (ITS) by providing high speed wireless links between many ITS subsystems [9] . Smart antennas can greatly enhance the performance of wireless systems and fulfill the requirement of improving coverage range, capacity, data rate and quality of service [3] . Responsibility lies with the ITS designer to understand the working of a particular smart antenna before it is used for the intended operating environment. In the following sections we will discuss types and working of smart antennas and how they are used in Intelligent Transportation Systems.
II. FUNDAMENTALS OF SMART ANTENNAS
The term Smart Antenna is used in the wireless industry to represent many signal processing technologies that use multiple antennas on one or both ends of the wireless communication link. Smart antennas have superior capabilities to overcome the challenges for wireless communication systems. It can also provide array gain to increase range, diversity gain to improve performance under fading, and interference cancellation capabilities to increase capacity and to improve the quality of the wireless link [3] . Smart antennas can also be used to increase data rate, through delivery of higher SINR (Signal to Noise plus Interference Ratio) to the user or through spatial multiplexing [10] . It is necessary for systems designers to distinguish the different types of smart antennas and understand the benefits and limitations of each type. Depending on the number of transmitters and numbers of receivers in the wireless link, smart antenna system can be categorized as SIMO (Single Input Multiple Output), MISO (Multiple Input Single Output) and MIMO (Multiple Input Multiple Output).
Previously smart antennas are only implemented on the base stations side due to high cost and complexity in implementation. Hence, in satellite communication, SIMO techniques are used in uplink direction while MISO techniques are used in downlink direction [11] . For multiple receive, the receiver simply uses the signal from antenna with highest received signal power, which is termed as Signal Diversity [12] . Diversity gain is defined as the reduction of required SNR for a given BER (Bit Error Rate) under the given fading rate [13] . The maximum fading gain one can get by using multiple antennas is the single antenna fading margin, defined as the additional SNR required for a given BER under the given fading rate. Maximum Ratio Combining (MRC) smart antenna systems can get both array gain and diversity gain [3] . MRC combines the signals from the multiple antennas to maximize SNR (Signal to Noise ratio). Uplink array gain is defined as the increase in MRC receiver output SNR relative to that of a single antenna receiver [12] . The downlink combining gain is defined as the increase in power delivered to the user terminal receiver relative to that of a single antenna base station. MRC smart antenna systems have the tendency to lock on to strong interferers therefore they do not work well in situations where strong interferences exist.
Switched-beam systems can also provide diversity gain [14] . Switched-beam systems are simple to implement but has severe limitations. When angle spread is large, the diversity gain is limited because the system only selects signal from one beam instead of coherently combining the multiple-path components.
Fully Adaptive Array is another smart antenna which combines the signals from the multiple antennas to maximize SINR (Signal to Interference plus Noise ratio). Fully adaptive array not only gets the maximum diversity gain and array gain, but also cancels the interferences caused by different antenna elements. Due to its superior interference cancellation capability, fully adaptive array can reduce the frequency reuse (as low as 1) of cellular wireless systems [15], effectively increasing network capacity. With frequency reuse 1, frequency planning for wireless networks is greatly simplified. With fully adaptive array, spatial channels (two or more users sharing the same conventional channel), also known as Spatial Division Multiple Access can be implemented in the same cell, further increasing spectral efficiency.
III. CHALLENGES IN V2V COMMUNICATION
ROAD to vehicle communication system in ITS (Intelligent Transport Systems) are one of the important media, which can offer traffic safety and navigation information to drivers as well as entertainment information [7] . ii) The amount of communication traffic will change according to the continuous change in transportation traffic. Especially, communication traffic will drastically increase during traffic jams.
ii) Frequent handover will occur between adjacent. Spot zones due to the high speed of vehicles. Regarding to (i) above, the Radio on Fiber (ROF) communication system [16] which conveys Radio Frequency (RF) signals through optical fibers, would be one of the key solutions to this. On the other hand, for (ii) and (iii) it is requested to construct an effective network that allows making efficient use of limited resources (frequency ha-lids) and creates smooth communication in a continuous zone. To meet these requirements, several technologies should be developed; that is, forecast of communication traffic according to transportation traffic, resource management technology, radio zone control technology and so on . In particular, to control a radio zone adaptively requires a roadside antenna to have the complex function of beam shaping and beam scanning. Therefore, it is important to develop such a smart antenna with a simple antenna configuration [17, 18] .
IV. ADAPTIVE RADIO ZONE CONTROLS

A. Zone Division and Zone Shift
In this subsection, we will briefly explain two kinds of adaptive zone control schemes. One is a zone division scheme and the other is a zone shift scheme. The zone division function divides one large radio zone into several small radio zones, depending on the vehicle traffic and the communication traffic. The system selects zone pattern #1 in Figure 2 that covers the whole radio zone adapted to the roadside antenna, in the case of small number of vehicles in one radio zone. On the other hand, zone pattern' #2 or #3 will be selected according to the volume of traffic under the antenna, during traffic jams. The zone division functions make it possible to assign several channels with different frequency channels adaptively; that is effective frequency reuse, as a result of which any driver can get the information channel from the roadside network independent of the traffic situation. The zone shift function scans the radio zone (antenna beam) in accordance with the average speed of a vehicle group. This enables us to decrease the number of handovers within the specified continuous area. Fig. 3 explains how the zone shift works. Supposing, that the group including vehicle A runs from the left to the right in the Fig. 3 . The radio zone with the frequency f l shifts its cover area at almost the same speed as that of vehicle A with the time interval T. Vehicle A will continue to communicate with only the channel f l and never experience or notice the handover within the zone shift area, so far as it runs at the same speed as the beam shift,. In the zone shift, there exists a case that, two adjacent antenna make up one radio zone (t = 1T to 3T in Fig. 3 ). In this case: the same signal should be transmitted from or received by the adjacent antennas along the road. Introducing the optical transmission/distribution system with ROF technology [19, 20] could solve this.
B. Beam Control Array Antenna for Adaptive Zone Control
The development of a beam control array antenna is the primary issue to realize the adaptive radio zone control. The required functions for our beam control array antenna would be: -To configure the radiation patterns suitable for the desired radio zone. -To configure the radiation patterns with low side-lobe characteristics.
-To make switching time as small as possible in order to minimize the effect on the communication quality when the beam is switched. -To have a simple interface with ROF access network.
Parameters for the road to vehicle communication system shown in Table I [ 21] , are supposed for designing a beam control array antenna. The maximum radio zone length assigned to a roadside antenna is 100m, considering the expected radio zone for continuous road to vehicle communication systems. The maximum zone division number, and the input/output port number were determined as a minimum figure, in order to evaluate characteristics of the zone division and zone shift functions experimentally. As the maximum radio zone division number was determined to be four, the required beam patterns for a beam control array antenna to realize both zone division and zone shift demonstration would be ten patterns. Each beam pattern is depicted in Fig. 4 .
V. CONCLUSION
Smart antennas can greatly enhance the performance of wireless communication systems used in ITS. Smart antenna technology provides range extension, increased data rate, higher network capacity and better service quality. However, smart antenna represents many different ways of using multiple antennas on one or both ends of the wireless link. It is important to recognize the differences in performance among these smart antenna types. Moreover the paper shows that the antenna can change the radiation pattern, by adjusting only the weight of element beams used for road communication, which leads to simplifying and speeding up the beam control procedure. It can also integrate with ROF technologies for better road to road communication.
